Abstract

23
The Arctic sea-ice extent reached a record minimum in September 2012. Sea-ice decline 24 increases the absorption of solar energy in the Arctic Ocean, affecting primary production and 25 the plankton community. How this will modulate the sinking of particulate organic carbon (POC) 26 from the ocean surface remains a key question. We use the 234 fluxes, likely via incorporation into sea-ice algal aggregates and zooplankton-derived material.
33
The magnitude of the depletion of 210 Po in the upper water column over the entire study area 34 indicates that particle export fluxes were higher before July/August than later in the season. Arctic Ocean and affecting sea-ice and upper-ocean ecosystems 46 [Wassmann, 2011] . Net primary production (NPP) increased by 30% between 1998 and 2012 47 according to a satellite-based study [Arrigo and van Dijken, 2015] . Yet this kind of approach 48 does not take into account the productivity of either under-ice phytoplankton nor sea-ice algae, 49 even though it can be substantial [Gosselin et Arctic scenario favors a phytoplankton community structure based on the smallest cells [Li et al., 55 2009]. Overall, it remains uncertain how the changes in NPP and plankton community will affect 56 the sinking of POC from the ocean surface, and in turn contribute to the marine sequestration of 57 CO 2 [Honjo et al., 2010; Anderson and Macdonald, 2015] . 58 To date, the Arctic Ocean is considered a weak sink for atmospheric CO 2 , accounting for 59 ~6% of the global oceanic uptake [Gruber et al., 2009 ]. An essential component of the ocean 60 carbon sink is the "biological pump" driven by the export of organic particles from the ocean 61 surface to its interior [Falkowski et al., 1998 ]. During the productive season, the surface 
68
The export efficiency is defined as the ratio between export and production, which 69 indicates the strength of the biological pump [Buesseler and Boyd, 2009] . A recent model study 70 reports a high annual mean export efficiency of >30% in Arctic waters [Henson et al., 2015] . 71 Nevertheless, primary production and export data are very scarce, especially in the interior 72 basins [Gustafsson and Andersson, 2012; Matrai et al., 2013] . Indeed, the temporal mismatch 73 between the measurement of production and export, combined with the existence of a long lag 74 period between both processes in the Arctic (30-40 days), make the assessment of the export 75 efficiency on a seasonal scale difficult [Henson et al., 2015] . 76 The radionuclide pairs 234 and dates of the sea-ice stations are given in Figure 1 and separated by auto-deposition of polonium onto silver discs during six hours [Flynn, 1968] . The 136 silver discs were then counted by alpha spectrometry using passivated implanted planar silicon 137 (PIPS) alpha detectors (Canberra, USA) and silicon surface barrier (SSB) alpha detectors
138
(EG&G Ortec, USA). Solutions were re-plated and passed through an anion exchange resin (AG 139 1-X8) to ensure the complete elimination of polonium from samples [Rigaud et al., 2013] .
140
Samples were re-spiked with 209 Po and stored for 9-11 months for later determination of Sea-ice conditions, phytoplankton communities and primary production rates in the study 236 area are described below and summarized in Table 1. 237 The Chl-a inventories in the upper 30 m of the water column were on average 8.4 ± 6.1 267 mg m -2 , with a maximum at station 2 (22.8 mg m -2 ) and a minimum at station 9 (2.5 mg m -2 ).
268
The phytoplankton community was picoplankton dominated at many stations (1, 2, 3, 5 and 6), (Table 1) . 274 The integrated in situ NPP rates in the euphotic zone, sea ice and melt ponds ranged from Po fluxes (dpm m 13.2 ± 0.9 700 ± 120 0.9 ± 0.9 1.7 ± 0.4 100 6.7 ± 0.5 104 ± 9 0.7 ± 0.8 0.13 ± 0.09 150 4.7 ± 0.3 83 ± 12 0.9 ± 0.9 -0.19 ± 0.13 3 25 16.3 ± 0.9 400 ± 60 -0.4 ± 0.8 0.06 ± 0.14 50 9.6 ± 0.6 280 ± 80 0.1 ± 0.7 0.23 ± 0.14 100 14.8 ± 0. 17.1 ± 1.0 600 ± 300 -0.9 ± 1.3 1. obtained at stations 1, 5 and 6, and at stations 7 and 9 only at one single depth (Table 2) . (Table 4) The pathways by which picoplankton cells can be removed from the ocean surface are (Table 1) 544 and seafloor algal coverage . This suggests that primary production and 545 particle export were more important under heavy sea-ice conditions than under partially ice 546 covered stations and first-year ice, also suggesting that 210 Po tracked, to some extent, the massive 547 algal export that occurred earlier in 2012. On the contrary, at stations with heavy sea-ice 548 conditions we found the minimum in situ NPP rates ( Considering the in situ NPP rates, the export efficiency varied widely over the study site, 582 from 0 to >100%, averaging 50 ± 50% (n = 8) and 60 ± 40% (n = 7) for the 234 The export efficiency according to the annual NPP and the 210 Po-derived POC fluxes is 605 illustrated in Figure 5 . Only two locations showed export efficiencies <10% (stations 3 and 6, 606 Table 5 ), which are those typically found in the world ocean [Buesseler, 1998] 
